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(54) FLEXIBLE DIGITAL DETECTOR ARRAY

(57) A flexible digital detector array apparatus includ-
ing a control system including a block control module, a
gate control module, and at least one data module. The
block control module and the gate control module can be
arranged to execute a multiplexing operation. The appa-
ratus can also include a flexible substrate coupled to the
control system at an edge of the flexible substrate via a
plurality of connectors. The flexible substrate can include
a switching area including a plurality of switching pixels
arranged within a plurality of blocks. Each switching pixel

can be communicatively coupled to the block control
module and the gate control module. The apparatus can
also include a sensing area including an array of sensing
pixels. The array of sensing pixels can generate image
data responsive to X-rays incident thereon and provide
the image data to the plurality of data modules. Each
switching pixel of the plurality of switching pixels can be
arranged to control a read state of a portion of sensing
pixels.
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Description

RELATED APPLICATION

[0001] This application claims priority under 35 U.S.C.
9 119(e) to U.S. Provisional Application No. 63/315,122
filed March 01, 2022, the entire contents of which are
hereby expressly incorporated by reference herein.

TECHNICAL FIELD

[0002] The subject matter described herein relates to
a flexible X-ray sensor.

BACKGROUND

[0003] Sensors, such as X-ray sensors, can be used
to detect defects in pipes configured in pipelines. The
defects can be present in pipe materials or in welds join-
ing portions of pipe. Sensors can also be used to measure
properties or qualities of fluids flowing through pipes. X-
ray sensors can include arrays of digital detector ele-
ments configured to sense the defects, properties of the
pipe, or fluid properties within the pipe. It can be advan-
tageous to form an X-ray sensor with a flexible mating
surface which can substantially match a profile of an ob-
ject being sensed by the sensor. In this way, a maximal
surface area of the sensor is in contact with the object
being sensed and the accuracy and sensitivity of the X-
ray sensor can be increased compared to sensors with
non-conformal mating surfaces.

SUMMARY

[0004] In one aspect, a flexible digital detector array
apparatus is provided. In some embodiments, the appa-
ratus can include a control system including a block con-
trol module including block control circuitry, a gate control
module including gate control circuitry, and at least one
data module including data circuitry. The block control
module and the gate control module can be configured
to execute a multiplexing operation. The apparatus can
further include a flexible substrate that can be coupled
to the control system at an edge of the flexible substrate
via a plurality of connectors. The flexible substrate can
further include a switching area including a plurality of
switching pixels arranged within a plurality of blocks.
Each switching pixel can be communicatively coupled to
the block control module via the block control circuitry
and to the gate control module via the gate control cir-
cuitry. The apparatus can further include a sensing area
including an array of sensing pixels, the array of sensing
pixels can be configured to generate image data respon-
sive to X-rays incident thereon. The array of sensing pix-
els can be further configured to provide the image data
to the plurality of data modules via the data circuitry. Each
switching pixel of the plurality of switching pixels can be
configured to control a read state of a portion of sensing

pixels.
[0005] In another embodiment, the block control mod-
ule can be configured to provide a first block control signal
to a first block including a first plurality of switching pixels
to power on the first block, and a second block control
signal to the blocks other than the first block to power off
the blocks other than the first block.
[0006] In another embodiment, the gate control mod-
ule can be configured to provide a first gate control signal
to a second plurality of switching pixels, and a second
gate control signal to all switching pixels outside of the
second plurality of switching pixels. Each switching pixel
in the second plurality can be in a different block and the
first gate control signal can cause a first switching pixel
in the second plurality of switching pixels and in the first
block to activate. This activation can cause a first portion
of pixels of the sensing area to transition from a non-read
state to a read state.
[0007] The apparatus of claim 3, wherein image data
generated by the first portion of pixels associated with
the first switching pixel is provided to the at least one
data module via the data circuitry responsive to transi-
tioning to the read state.
[0008] In another embodiment, the first block control
signal and the first gate control signal can include a first
predetermined voltage, and the second block control sig-
nal and the second gate control signal include a second
predetermined voltage.
[0009] In another embodiment, the flexible substrate
can include a coating enclosing the data module, gate
module, and block control modules.
[0010] In another embodiment, each pixel of the at
least one array of sensing pixels can include at least one
photodiode, and at least one sensing thin-film transistor
(TFT). Additionally, each switching pixel of the plurality
of flexible switching pixels can include at least one gate
TFT and at least one gate capacitor. Further, the block
controller can include a first gate integrated circuit (GIC)
and the gate controller can include a second gate inte-
grated circuit (GIC). Further, the at least one data module
can include at least one read-out integrated circuit (RO-
IC).
[0011] In another embodiment, each sensing pixel of
the at least one array of sensing pixels can further include
at least one sensing pixel capacitor. Additionally, the ap-
paratus can further include a film laminated to the flexible
substrate forming a scintillator.
[0012] In another embodiment, the film can include a
gadolinium oxysulfide film or a cesium iodide film.
[0013] In another embodiment, the block control mod-
ule and the gate control module can each include 32, 64,
128, 256, 512 or 1024 ports to connect to the plurality of
blocks or the plurality of switching pixels, respectively.
[0014] In another embodiment, the sensing pixels of
the sensing area can have a first dimension between 25
mm - 250 mm and a second dimension between 100 mm
- 600 mm.
[0015] In another aspect, a method for using a flexible
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x-ray digital detector array is provided. In some embod-
iments, the method can include configuring a flexible x-
ray digital detector array (DDA) with respect to an object
to be inspected. In some embodiments, the flexible DDA
can include a bus, and a control system including a block
control module including block control circuitry, a gate
control module including gate control circuitry, and at
least one data modules including data circuitry. The block
control module and the gate control module are config-
ured to execute a multiplexing operation. The flexible
DDA can also include a flexible substrate coupled to the
control system at one edge of the flexible substrate via
a plurality of connectors. The flexible substrate can in-
clude a switching area including a plurality of switching
pixels arranged within a plurality of blocks, each switch-
ing pixel communicatively coupled to the block control
module via the block control circuitry and to the gate con-
trol module via the gate control circuitry. The flexible DDA
can further include a sensing area including an array of
pixels, the array of pixels can be configured to generate
image data responsive to X-rays incident thereon and
provide the image data to the plurality of data modules
via the data circuitry. Each switching pixel of the plurality
of switching pixels controls a read state of a portion of
sensing pixels. In this embodiment, the method can also
include scanning the object using an X-ray emitting de-
vice. The method can further include acquiring, by a com-
puting system including at least one processor, image
data characterizing the scanned object.
[0016] In another embodiment, the acquiring can fur-
ther include providing a first block control signal to a first
block including a first plurality of switching pixels and pro-
viding a second block control signal to the blocks other
than the first block via the block circuitry. In this embod-
iment, the method can further include providing a first
gate control signal to a second plurality of switching pixels
and providing a second gate control signal to all switching
pixels outside of the second plurality of switching pixels.
Each switching pixel in the second plurality can be in a
different block and the first gate control signal can cause
a first switching pixel in the second plurality of switching
pixels and in the first block to activate, causing a first
portion of pixels of the sensing area to transition from a
non-read state to a read state. In this embodiment, the
method can also include receiving, by the at least one
processor, image data characterizing the scanned object
from the first portion of pixels from the at least one data
module via a communication module coupled to the bus.
In this embodiment, the method can also include provid-
ing a second block control signal to the first block via the
block circuitry. This can cause the first switching pixel to
deactivate, causing the first portion of pixels of the sens-
ing area to transition from the read state to the non-read
state.
[0017] In another embodiment, the acquiring can fur-
ther include a step of providing the second gate control
signal to the second plurality of switching pixels. The
method can further include a step of providing a first block

control signal to the first block and providing a second
block control signal to the blocks other than the first block
via the block circuitry. The method can also include pro-
viding a first gate control signal to a third plurality of
switching pixels and providing a second gate control sig-
nal to all switching pixels outside of the third plurality of
switching pixels. Each switching pixel in the third plurality
can be in a different block and the first gate control signal
can cause a second switching pixel in the third plurality
of switching pixels and in the first block to activate, caus-
ing a second portion of pixels of the sensing area to tran-
sition from a non-read state to a read state. In this em-
bodiment, the method can further include receiving, by
the at least one processor, image data characterizing the
scanned object from the second portion of pixels from
the at least one data module via a communication module
coupled to the bus. The method can further include pro-
viding a second block control signal to the first block via
the block circuitry. This can cause the second switching
pixel to deactivate causing the second portion of pixels
of the sensing area to transition from the read state to
the non-read state. The method can further include re-
peating the steps of acquiring for all of the switching pixels
in the first block. In some embodiments, the method can
further include repeating the steps of acquiring for all of
the blocks in the plurality of blocks.
[0018] In another embodiment, the acquiring can fur-
ther include a step of providing the second gate control
signal to the second plurality of switching pixels. The
method can further include a step of providing the first
block control signal to a second block including a fourth
plurality of switching pixels, and providing the second
block control signal to the blocks other than the second
block via the block circuitry. In this embodiment, the meth-
od can further include providing the first gate control sig-
nal to the third plurality of switching pixels and providing
the second gate control signal to all switching pixels out-
side of the third plurality of switching pixels. Each switch-
ing pixel in the third plurality can be in a different block
and the first gate control signal can cause the second
switching pixel in the third plurality of switching pixels and
in the second block to activate, causing a second portion
of pixels of the sensing area to transition from a non-read
state to a read state. The method can also include re-
ceiving, by the at least one processor, image data char-
acterizing the scanned object from the second portion of
pixels from the at least one data module via a communi-
cation module coupled to the bus; providing the second
block control signal to the second block via the block
circuitry. In this embodiment, this can cause the second
switching pixel to deactivate causing the second portion
of pixels of the sensing area to transition from the read
state to the non-read state. The method can further in-
clude repeating the steps of acquiring starting by provid-
ing the first block control signal to the first block and the
first gate control signal to a fifth plurality of switching pix-
els. Alternatively the method can further include repeat-
ing the steps of acquiring starting by providing the first
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block control signal to a third block and the first gate con-
trol signal to a fifth plurality of switching pixels.
[0019] In another embodiment, the first block control
signal and the first gate control signal can include a first
predetermined voltage, and the second block control sig-
nal and the second gate control signal include a second
predetermined voltage.
[0020] In another aspect, a flexible x-ray digital detec-
tor array system is provided. In some embodiments, the
system can include a bus. The system can further include
a control system including a block control module includ-
ing block control circuitry, a gate control module including
gate control circuitry, and at least one data modules in-
cluding data circuitry. The block control module and the
gate control module are configured to execute a multi-
plexing operation. The system can also include a flexible
substrate coupled to the control system at one edge of
the flexible substrate via a plurality of connectors. The
flexible substrate can include a switching area including
a plurality of switching pixels arranged within respective
blocks. Each switching pixel can be communicatively
coupled to the block control module via the block control
circuitry and to the gate control module via the gate con-
trol circuitry. The system can also include a sensing area
including an array of sensing pixels, the array of sensing
pixels configured to generate image data responsive to
X-rays incident thereon and provide the image data to
the plurality of data modules via the data circuitry. Each
switching pixel of the plurality of switching pixels can be
configured to control a read state of a portion of sensing
pixels. The system can also include a plurality of connec-
tors provided on the edge of the flexible substrate con-
figured to communicatively connect the block control
module, gate control module, and at least one data mod-
ule to the bus. The system can further include a commu-
nication module coupled to the bus and configured carry
out communication protocols within the system. The sys-
tem can also include a battery module coupled to the bus
and configured to provide power to the system. The sys-
tem can further include a computing system, including at
least one processor configured acquire image data char-
acterizing the scanned object.
[0021] In another embodiment, the flexible substrate
can be detachably coupled to the bus at the plurality of
connectors for replacement.
[0022] In another embodiment, the communication
module can be any one of a 5G or 6G communication
module, a Wi-Fi module, and a wired Ethernet module.
[0023] In another embodiment, the system can further
include a global positioning system (GPS) module con-
figured to provide positioning data corresponding to a
location of the system to an external system.

DESCRIPTION OF DRAWINGS

[0024] These and other features will be more readily
understood from the following detailed description taken
in conjunction with the accompanying drawings, in which:

FIG. 1 is a diagram illustrating an embodiment of a
flexible DDA according to the subject matter provid-
ed herein;

FIG. 2 is a diagram illustrating an embodiment of a
control module and portions of the flexible DDA of
FIG. 1 according to the subject matter provided here-
in;

FIG. 3 is a diagram illustrating an embodiment of an
architecture of the flexible DDA of FIG. 1 according
to the subject matter provided herein;

FIG. 4 is a diagram illustrating an embodiment of an
initial state of the flexible DDA of FIG. 1 according
to the subject matter provided herein;

FIG. 5 is a diagram illustrating an embodiment of a
read start state for the first line of the first block of
the flexible DDA of FIG. 1 according to the subject
matter provided herein;

FIG. 6 is a diagram illustrating an embodiment of a
read end state of the first line of the first block of the
flexible DDA of FIG. 1 according to the subject matter
described herein;

FIG. 7 is a diagram illustrating an embodiment of a
transition to a read start state for the second line of
the first block of the flexible DDA of FIG. 1 according
to the subject matter provided herein;

FIG. 8 is a diagram illustrating an embodiment of
another architecture of the flexible DDA of FIG. 1;
and

FIG. 9 is a flow chart illustrating an embodiment of
a method for performing an inspection using the flex-
ible DDA of FIG. 1 according to the subject matter
provided herein.

[0025] It is noted that the drawings are not necessarily
to scale. The drawings are intended to depict only typical
aspects of the subject matter disclosed herein, and there-
fore should not be considered as limiting the scope of
the disclosure.

DETAILED DESCRIPTION

[0026] Existing digital X-ray sensors for use in detect-
ing defects or monitoring fluids within pipes configured
in industrial pipelines may include rigid mating or sensing
surfaces which are unable to fully conform to a curved
object, such as a pipe. Thus, the application of existing
digital X-day sensors to a wide variety of object shaped
is limited. In addition, traditional X-ray sensors include
non-modular arrangements of electrical components as
designed by the manufacturer which can limit customer
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configurability and application usage of the X-ray sensor.
For example, traditional X-ray sensors require the elec-
trical components, such as data modules or gate mod-
ules that include a rigid printed circuit boards (PCB), ar-
ranged around the periphery of the sensor pixel array
such that the electrical connections are provided on all
sides of the sensor pixel array.
[0027] A further limitation of existing X-ray sensors is
their limited configurability and modularity. Typically X-
ray sensors are manufactured with a predetermined
number and/or configuration of processing or data mod-
ules that can be communicatively coupled to the X-ray
control module. A users intended use may be limited to
available modules or configurations with no ability to dy-
namically modify or configure the X-ray sensor with ad-
ditional processing modules to meet their desired appli-
cation or data processing needs.
[0028] The system and apparatuses described herein
include a flexible X-ray sensor formed as a digital detector
array (DDA). The DDA can include a main control board
configured with a control module and a plurality of con-
figurable and exchangeable processing modules cou-
pled to a flexible sensing array. The main control board
can include image processing capabilities combined with
the control module. The DDA can include a gate module
and data modules that can be bonded to a flexible sub-
strate. The arrangement of the gate module and the data
modules on the flexible substrate can be connected to
the control module via connectors. The connectors allow
components of the DDA to be easily replaced. The control
module can be coupled to a variety of additional config-
urable and extensible processing modules that can be
arranged depending on the inspection requirements or
users intended application. The control module can con-
trol the flexible sensing array and the operation of the
DDA to process the acquired image data. The processing
modules can include a Wi-Fi module, a battery module,
an optional wired module that can be coupled to a com-
puting device, a global positioning system (GPS) module
for providing positioning data, a wireless communication
module (e.g., for 5G/6G communication protocols), and
an external wired interface module that can, for example,
couple the DDA to an Ethernet cable. The flexible sensing
array of the DDA includes photosensitive pixel arrays on
a plastic substrate and includes a scintillator for detection
of X-rays, and can also include a protective housing for
a ruggedized solution.
[0029] The DDA can include a control system including
a plurality of interchangeable data modules, a gate mod-
ule, and a block control module coupled to a main board
via connectors. The data modules can include at least
one read-out integrated circuit (ROIC). The gate module
can include at least one gate chip or gate integrated cir-
cuit (GIC). The block control module can include a block
control chip or module. The block control module and the
gate module can be identical. The data modules, the gate
module, and the block control modules can be configured
at one side of the flexible sensing array so that the DDA

can be fully flexible in one direction with respect to an
object to be inspected. The flexible sensing array can
include a sensing area including sensing pixels and a
non-sensing area including switching pixels. The non-
sensing area can be configured such that each switching
pixel can include one transistor and one capacitor imple-
mented in a thin film. In this way, all the scan lines or
TFTs of the sensing pixels in the sensing area can be
controlled with a single gate module in the non-sensing
area. Traditionally, one GIC can control a maximum of
256 scan lines. In the DDA described herein, multiple
blocks of 256 scan lines can be controlled using the block
control chip with a combination of the gate module.
[0030] Advantages of the DDA described herein in-
clude the flexible sensing array, which can be easily re-
placeable, for example if damaged during an inspection,
and as a result the overall operating costs of the X-ray
sensor can be reduced. The DDA described herein can
also enable the control electronics and processing mod-
ules to be shielded from damaging radiation by decou-
pling them from the flexible sensing array and not locating
them behind the sensing array as in traditional rigid X-
ray sensors. Shielding can be provided in the electronic
module parts locally while the imaging area can be free
from shielding, such as a heavy metal shield. As a result,
there is less backscattering and firster signal quality by
orienting the control and processing modules away from
the backside of the flexible sensing array. In this way,
the lifetime operation of the DDA can be improved com-
pared to traditional X-ray sensors. Additionally, the
weight of the whole system can be reduced because
heavy metal shields are not necessary for the large sens-
ing area. Therefore it is easier to manipulate the system
in the field.
[0031] Another advantage is the flexible sensing array
of the DDA can allow the sensor to be used for a larger
variety of applications and inspection object shapes than
the planar, rigid X-ray sensors. For example, curved or
bending objects can be inspected without any geometric
magnification or post-processing calculations to correct
for magnification due to distance to an inspected object.
Thus, the flexible sensing array of the DDA described
herein can provide greater data throughput and inspec-
tion flexibility with regard to inspection objects of varying
geometries. The use and configurability of different inter-
changeable processing modules available with the DDA
described herein can also increase the quality of inspec-
tions and improve inspection efficiency compared to tra-
ditional X-ray sensors which do not include such modular,
add-on processing modules. As technology advances,
additional modules can be easily added to the inspection
system without requiring acquisition and integration of
an entirely separate system. User budgets can be re-
duced while inspection functionality is increased by uti-
lizing only those processing modules that are required
or specific to a particular inspection methodology or re-
quirement.
[0032] Embodiments of sensor and method of opera-
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tion are discussed herein in regard to use in an oil and
gas production environment. However, embodiments of
the disclosure can be employed for sensing characteris-
tics of curved or non-curved objects, as well as fluids
within curved or non-curved objects, in any application
or environment without limitation.
[0033] FIG. 1 is a diagram illustrating an embodiment
of a flexible DDA 100 according to the subject matter
provided herein. The DDA 100 can be coupled to an ob-
ject 150 for an inspection of the object. As shown, the
DDA 100 can include a flexible array 105 coupled to a
control system 110. The control system 110 can include
a main board (MB) 155 and one or more control and
processing modules. For example, the control system
110 can include a control module 115, a Wi-Fi module
120, a battery module 125, an optional wired module 130,
a GPS module 140, and a cellular data module, such as
5G module 145. The control system 110 can be arranged
with one or more modules coupled to the control module
115 in a modular and easily configurable manner such
that any one of the modules can be extensibly coupled
with the control module 115 and the main board 155. The
control module 115 can control operations of the flexible
sensing array 105 and the data interchange between the
flexible sensing array 105 and one or more modules of
the control system 110. The control module 115 can con-
trol the switching operation of the flexible array 105 that
will be described further herein. The Wi-Fi module 120
can receive and transmit data wirelessly with another
computing device. The battery module 125 can provide
power to the DDA 100. The optional wired module 130
can provide a wired interface for coupling computing de-
vices, such as computing device 135. The GPS module
140 can provide positioning data, such as GPS coordi-
nate system data, about the location of the object 150
being inspected. The cellular data module 145 can in-
clude a 5G cellular data module.
[0034] FIG. 2 is a diagram illustrating an embodiment
of DDA 100 including a control module 115 and portions
of the flexible sensing array 105 of FIG. 1 according to
the subject matter provided herein. The DDA 100 can
include data modules 205, gate module 210, and block
control module 115. The data modules 205, gate module
210, and block control module 115 can be coupled to the
main board 155 via a plurality of connectors 215 at one
side. The data modules 205, gate module 210, and block
control module 115 can be bonded to the flexible sensing
array 105 at a bonding interface 220. The block control
module 115 can include a block control chip 225. The
gate module 210 can include a GIC 230. Each of the data
modules 205 can include a ROIC 235.
[0035] The flexible array 105 can be formed on a flex-
ible plastic substrate and can include an external coating.
The external coating can act as an external envelope for
the flexible array 105 and can provide ingress protection
to protect the flexible array 105 from water or dust in
harsh environments. The external coating can enclose
the data, gate, and block control modules. In some em-

bodiments, the external coating can provide electrostatic
discharge protection. The flexible array 105 can have a
first aspect ratio and can include a pixel array of varying
sizes, such as 25-250 X 100-600 mm. In some embodi-
ments, the pixel array can be 110 mm X 480 mm corre-
sponding to 1450 pixels X 6400 pixels. A variety of pixel
array sizes, dimensions, and pixel counts or geometries
can be envisioned without limit. As shown in the figure,
flexible array 105 can include a switching area 240 and
a sensing area 245. The switching area 240 can be cou-
pled to a block control module 115 and a gate module
210 configured to control scanning of the sensing area
245. The sensing area 245 can be coupled to data mod-
ules that include a plurality of ROIC 235 configured to
receive read-out data from the sensing area 245. A scin-
tillator can be formed by laminating a film on to the flexible
array 105. The film can be a gadolinium oxysulfide film
or a cesium iodide film depending on the application.
[0036] FIG. 3 is a diagram illustrating an embodiment
of an architecture 300 of the flexible DDA 100 of FIGS.
1 and 2 according to the subject matter provided herein.
As shown in FIG. 3, the switching area 240 can be ar-
ranged in a plurality of blocks 305, such as blocks 305A-
305D. The block control module 115 can control individ-
ual blocks 305 associated with portions of the sensing
area 245 and the gate module 210 can control individual
gate lines. The combination of the two modules can con-
trol scan lines one by one within the sensing area 245
(i.e. individual portions of sensing pixels). The flexible
array 105 can include millions of sensing pixel arrays.
Each pixel in the sensing area 245 can include a photo-
diode, a thin-film transistor (TFT), and capacitor on a flex-
ible substrate. A scintillator 310 can be provided on top
of the array 105 to convert X-ray to visible light. A pres-
sure sensitive adhesives can be used for laminating the
scintillator. The switching area 240 has switching pixel
arrays, which include a TFT and a capacitor, but do not
include the photodiode. In some embodiments, the
switching pixel arrays can include multiple TFTs and mul-
tiple capacitors. These pixels are configured as scan line
switches. There are 256 horizontal gate lines parallel to
data line from the gate module 210 and each line has
multiple connections to a switching pixel from each block,
more specifically to the gate electrode of the TFTs. In
some embodiments, there can be 32, 64, 128 or 512 gate
lines depending on the capabilities and configuration of
the gate module 210. There are an additional number N
of block control lines from the block control module that
are connected to the switching pixels, where N corre-
sponds to the number of blocks. One block control line
has multiple connections to all the switching pixels from
a single block, more specifically to the source electrode
of the TFTs. The block control module can turn on and
off each block 305 in a desired or programmatically de-
termined scanning order. The total number of scan lines
of the flexible array 105, which are represented in vertical
lines in the sensing area 245 can be determined as
N*256. A scan line, at one end, has a connection to a
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switching pixel via the drain electrode of TFT. And at the
other side it is connected to the sensing pixel via the gate
electrode of TFT to turn on and off the sensing pixel TFTs.
In one scan line, M sensing pixels are connected, where
M is the number of data lines.
[0037] Each switching pixel in the blocks 305 can in-
clude one TFT and one capacitor. The source electrode
of the TFT can be connected to a block control module
115 through a block control line and a metal line vertical
to the gate line in the switching area 240. The drain elec-
trode of the TFT can be connected to the sensing pixels
via a vertical metal line in the switching area 240 and the
scan line in the sensing area 245. One capacitor can be
configured for each switching pixel at the drain electrode.
Gate electrode of the TFT can be connected to the gate
module 210. There are 256 scan lines in the sensing area
245 within a single block. The Lth scan line from each
block is connected to the Lth gate line via a switching
pixel. To read a charge from a sensing pixel, the scan
line associated with the pixel is set to a turn-on voltage
by turning ON one block control line and one gate line
together. When the block control module 115 is ON, it
can supply + 9V (turn-on voltage) to the source electrode
of a switching pixel. And the TFT of the pixel is on by
gate line so the scan line is set to a turn-on voltage. In
some embodiments, the block control module 215 can
supply between +5V and +15V when ON. The supplied
voltage can be great enough to turn ON the TFT of the
sensing pixel. When the block control module 115 is off,
it can supply -9 V (negative voltage). In some embodi-
ments, the block control module 115 can supply between
-5V and -15V when off. The supplied voltage can be great
enough to turn off the TFT of the sensing pixel. To reset
the pixels, a block control line is OFF while a gate line is
ON, so the scan line associated with the switching pixel
is set to a turn-off voltage. In this way, the block control
module 115 and the gate module 210 can control all
256xN scan lines individually. To read charges from all
the pixels, block control module 115 and the gate module
210 can repeat turning ON and off 256xN times.
[0038] FIG. 4 is a diagram illustrating an embodiment
of an initial state 400 of the flexible DDA 105 of FIG. 1
according to the subject matter provided herein. As
shown, in the initial state the block control module 115
can be configured so that all block control lines 405 are
OFF and gate module 210 can be configured so that all
gate lines 410 are ON. In this state, all the TFTs of sensing
pixels will be turned OFF because all the scan lines 415
are set to turn-off voltage. This state can also be asso-
ciated with an integration state in which photodiodes are
integrating photo-electron charges in the pixel capacitor
before collecting it to ROIC 235. Data can be received
at each ROIC 235 via data lines 420.
[0039] FIG. 5 is a diagram illustrating an embodiment
of a read start state 500 for the first scan line of the first
block of the flexible DDA of FIG. 1 according to the subject
matter provided herein. When initiating a read start state
500, the block control module 115 is configured so that

only the first block control line is ON and the gate module
210 is configured so that only one of the four gate lines
is ON. The remaining three gate lines are OFF. In this
state, the first scan line is set to turn-on volage and hence
all the TFTs of the sensing pixels associated with the first
scan line are turned ON. And the pixels can transmit
charges to the ROIC while the other pixels are integrating
photo-electron charges with a closed TFT.
[0040] FIG. 6 is a diagram illustrating an embodiment
of a read end state 600 of the first line of the first block
of the flexible DDA of FIG. 1 according to the subject
matter described herein. When the read start state 500
of FIG. 5 is complete, the DDA 100 performs the read
end state 600 shown in FIG. 6. In this state, the DDA 100
is configured that the block control module 115 is OFF,
while the gate module 210 is configured so that only one
of the four gate lines is ON, which was turned ON in the
read start state. In this state 600, the first scan line is set
to turn-off voltage and the TFTs of the sensing pixels
associated with the first scan line are turned OFF. All
other scan lines remain in the turn-off volage and all other
TFTs of the sensing pixels is staying OFF. The pixels
associated with the first scan line start a charge integra-
tion for the next frame.
[0041] FIG. 7 is a diagram illustrating an embodiment
of a transition 700 to a read start state for the second line
of the first block of the flexible DDA of FIG. 1 according
to the subject matter provided herein. As shown in FIG.
7, the transition 700 includes configuring the block control
module so that the first block control line is ON and con-
figuring the gate module 210 so that the first gate line is
OFF and the next or subsequent gate line is ON. In this
state, all the TFTs of the sensing pixels associated with
the second scan line is turned ON. Thus, the pixels as-
sociated with the second scan line can transmit charges
to the ROIC while the other pixels are integrating photo-
electron charges with a closed TFT.
[0042] The switching operations described in relation
to FIGS. 4-7 for the first and the second scan lines can
be iteratively performed for all the scan lines in a con-
secutive way by configuring block control module 115
and gate module 210. This is a demonstration how to
achieve a multiplexing from all the scan lines within one
block 305A. The switching operations can be also itera-
tively performed for all the blocks 305 in the switching
area 240 with the combination of block control module
115 and gate module 210. The time it takes to transmit
charges from pixels that are associated with a single scan
line can be called as a line time, which includes read start
and read end state. So, the total readout time will be line
time times the total number of scan lines. To achieve a
certain x-ray integration time, each scan line starts the
readout after delaying certain time, which corresponds
to the integration time minus line time. During this delay
period, all the sensing pixels are integrating a photo-elec-
tron charges in the pixel capacity with a closed pixel TFT.
[0043] FIG. 8 is a diagram illustrating an embodiment
of another architecture of the flexible DDA of FIG. 1 where
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two block control lines are controlling one block 800 ac-
cording to the subject matter provided herein. FIG. 8 cor-
responds to a transition to a read start state for the second
line of the first block similar to FIG. 7. In this configuration,
there are twice more block control lines. The first block
control line can be connected to only the odd numbered
switching pixels of the first block and the second block
control line can be connected to only the even numbered
switching pixels of the first block. Similarly, the third and
the fourth block control lines can be used for switching
pixels of the second block. In this way, during the state
change from the read end to the read start of the next
scan line, the TFT of the previously closed switching pixel
has a voltage change only from the gate electrode. In the
previous example 700, the TFT had voltage transitions
on both gate and source electrode simultaneously that
makes the TFT state unclear. In some embodiment, three
or more block control lines can be used for controlling
one block. In this way, the switching pixels can be con-
trolled in a more accurate and stable way.
[0044] FIG. 9 is a flow chart illustrating an embodiment
of a method 800 for performing an inspection using the
flexible DDA of FIG. 1 according to the subject matter
provided herein. At 910, the flexible DDA 100 described
herein can be configured for an inspection of an object.
Configuring the DDA 100 can include selecting one or
more modules of the control system 110 and coupling
the selected modules to the control module 115. In some
embodiments, the object can be a piece of industrial
equipment or a portion of pipe included in a pipeline. The
object can be any object for which an X-ray inspection is
to be performed thereon. In some embodiments, config-
uring the DDA can include initiating an inspection proce-
dure, calibrating aspects of the DDA 100, or coupling and
configuring one or more computing devices 135.
[0045] At 920, the DDA 100 can be applied to the object
to be inspected. For example, the DDA 100 can be ap-
plied or positioned relative to a curved exterior wall of a
pipe to be inspected. In some embodiments, applying
the DDA 100 to the object to be inspected can include
receiving GPS data to identify a location of the object at
which the inspection should occur. Applying the DDA 100
to the object can also include mating the flexible array
105 to the object such that a contacting interface is
formed between the object surface and the flexible array
105.
[0046] At 930, the DDA 100 can acquire sensing data
characterizing the object 150. For example, the DDA 100
can be operated according to the switching operations
described in relation to FIGS. 3-8 to collect data associ-
ated with the object 150. In some embodiments, the sens-
ing data can include X-ray image data in a pixel-wise
format or a time-series format.
[0047] At 940, the DDA 100 can provide the sensing
data. For example, the DDA 100 can provide the sensing
data via a GUI of the computing device 135. In some
embodiments, the DDA 100 can store the sensing data
in a memory configured in the control module 115 or in

the computing device 135. In some embodiments, the
DDA 100 can provide the sensing data to a computing
device or data storage device (e.g., a memory, or a serv-
er) coupled via the optional wired module 130. In some
embodiments, providing the sensing data can be
achieved by transmitting data via the Wi-Fi module 120
or the cellular data module 145.
[0048] The improved method of manufacturing de-
scribed herein address the technical problem of perform-
ing an X-ray inspection on an object with a curved surface
in a physical environment of limited space. The unique
design of the DDA provided herein can enable inspection
of nonplanar object surfaces in reduced volume environ-
ments. The DDA described herein can also enable dy-
namic reconfiguration before or during inspections so
that user or inspection requirements can be rapidly and
efficiently addressed. The DDA herein requires less
processing for geometric adjustments or calculations re-
lated to correcting magnification compared to planar sen-
sors. The arrangement of the control system on a single
side of the DDA instead of around the periphery or back-
side of the DDA can also reduce the problem of radiation
backscattering, signal loss, and degraded component
performance due to radiation exposure.
[0049] The subject matter described herein can be im-
plemented in analog electronic circuitry, digital electronic
circuitry, and/or in computer software, firmware, or hard-
ware, including the structural means disclosed in this
specification and structural equivalents thereof, or in
combinations of them. The subject matter described
herein can be implemented as one or more computer
program products, such as one or more computer pro-
grams tangibly embodied in an information carrier (e.g.,
in a machine-readable storage device), or embodied in
a propagated signal, for execution by, or to control the
operation of, data processing apparatus (e.g., a program-
mable processor, a computer, or multiple computers). A
computer program (also known as a program, software,
software application, or code) can be written in any form
of programming language, including compiled or inter-
preted languages, and it can be deployed in any form,
including as a stand-alone program or as a module, com-
ponent, subroutine, or other unit suitable for use in a com-
puting environment. A computer program does not nec-
essarily correspond to a file. A program can be stored in
a portion of a file that holds other programs or data, in a
single file dedicated to the program in question, or in mul-
tiple coordinated files (e.g., files that store one or more
modules, sub-programs, or portions of code). A computer
program can be deployed to be executed on one com-
puter or on multiple computers at one site or distributed
across multiple sites and interconnected by a communi-
cation network.
[0050] The processes and logic flows described in this
specification, including the method steps of the subject
matter described herein, can be performed by one or
more programmable processors executing one or more
computer programs to perform functions of the subject
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matter described herein by operating on input data and
generating output. The processes and logic flows can
also be performed by, and apparatus of the subject matter
described herein can be implemented as, special pur-
pose logic circuitry, e.g., an FPGA (field programmable
gate array) or an ASIC (application-specific integrated
circuit).
[0051] Processors suitable for the execution of a com-
puter program include, by way of example, both general
and special purpose microprocessors, and any one or
more processor of any kind of digital computer. Gener-
ally, a processor will receive instructions and data from
a read-only memory or a random access memory or both.
The essential elements of a computer are a processor
for executing instructions and one or more memory de-
vices for storing instructions and data. Generally, a com-
puter will also include, or be operatively coupled to re-
ceive data from or transfer data to, or both, one or more
mass storage devices for storing data, e.g., magnetic,
magneto-optical disks, or optical disks. Information car-
riers suitable for embodying computer program instruc-
tions and data include all forms of non-volatile memory,
including by way of example semiconductor memory de-
vices, (e.g., EPROM, EEPROM, and flash memory de-
vices); magnetic disks, (e.g., internal hard disks or re-
movable disks); magneto-optical disks; and optical disks
(e.g., CD and DVD disks). The processor and the memory
can be supplemented by, or incorporated in, special pur-
pose logic circuitry.
[0052] To provide for interaction with a user, the sub-
ject matter described herein can be implemented on a
computer having a display device, e.g., a CRT (cathode
ray tube) or LCD (liquid crystal display) monitor, for dis-
playing information to the user and a keyboard and a
pointing device, (e.g., a mouse or a trackball), by which
the user can provide input to the computer. Other kinds
of devices can be used to provide for interaction with a
user as well. For example, feedback provided to the user
can be any form of sensory feedback, (e.g., visual feed-
back, auditory feedback, or tactile feedback), and input
from the user can be received in any form, including
acoustic, speech, or tactile input.
[0053] The techniques described herein can be imple-
mented using one or more modules. As used herein, the
term "module" refers to computing software, firmware,
hardware, and/or various combinations thereof. At a min-
imum, however, modules are not to be interpreted as
software that is not implemented on hardware, firmware,
or recorded on a non-transitory processor readable re-
cordable storage medium (i.e., modules are not software
per se). Indeed "module" is to be interpreted to always
include at least some physical, non-transitory hardware
such as a part of a processor or computer. Two different
modules can share the same physical hardware (e.g.,
two different modules can use the same processor and
network interface). The modules described herein can
be combined, integrated, separated, and/or duplicated
to support various applications. Also, a function de-

scribed herein as being performed at a particular module
can be performed at one or more other modules and/or
by one or more other devices instead of or in addition to
the function performed at the particular module. Further,
the modules can be implemented across multiple devices
and/or other components local or remote to one another.
Additionally, the modules can be moved from one device
and added to another device, and/or can be included in
both devices.
[0054] The subject matter described herein can be im-
plemented in a computing system that includes a back-
end component (e.g., a data server), a middleware com-
ponent (e.g., an application server), or a front-end com-
ponent (e.g., a client computer having a graphical user
interface or a web browser through which a user can
interact with an implementation of the subject matter de-
scribed herein), or any combination of such back-end,
middleware, and front-end components. The compo-
nents of the system can be interconnected by any form
or medium of digital data communication, e.g., a com-
munication network. Examples of communication net-
works include a local area network ("LAN") and a wide
area network ("WAN"), e.g., the Internet.
[0055] Certain exemplary embodiments have been de-
scribed to provide an overall understanding of the prin-
ciples of the structure, function, manufacture, and use of
the systems, devices, and methods disclosed herein.
One or more examples of these embodiments have been
illustrated in the accompanying drawings. Those skilled
in the art will understand that the systems, devices, and
methods specifically described herein and illustrated in
the accompanying drawings are nonlimiting exemplary
embodiments and that the scope of the present invention
is defined solely by the claims. The features illustrated
or described in connection with one exemplary embodi-
ment may be combined with the features of other em-
bodiments. Such modifications and variations are intend-
ed to be included within the scope of the present inven-
tion. Further, in the present disclosure, like-named com-
ponents of the embodiments generally have similar fea-
tures, and thus within a particular embodiment each fea-
ture of each like-named component is not necessarily
fully elaborated upon.
[0056] Approximating language, as used herein
throughout the specification and claims, may be applied
to modify any quantitative representation that could per-
missibly vary without resulting in a change in the basic
function to which it is related. Accordingly, a value mod-
ified by a term or terms, such as "about," "approximately,"
and "substantially," are not to be limited to the precise
value specified. In at least some instances, the approx-
imating language may correspond to the precision of an
instrument for measuring the value. Here and throughout
the specification and claims, range limitations may be
combined and/or interchanged, such ranges are identi-
fied and include all the sub-ranges contained therein un-
less context or language indicates otherwise.
[0057] One skilled in the art will appreciate further fea-
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tures and advantages of the invention based on the
above-described embodiments. Accordingly, the present
application is not to be limited by what has been partic-
ularly shown and described, except as indicated by the
appended claims. All publications and references cited
herein are expressly incorporated by reference in their
entirety.

Claims

1. An apparatus comprising:

a control system including a block control mod-
ule including block control circuitry, a gate con-
trol module including gate control circuitry, and
at least one data module including data circuitry,
wherein the block control module and the gate
control module are configured to execute a mul-
tiplexing operation; and
a flexible substrate coupled to the control system
at an edge of the flexible substrate via a plurality
of connectors, the flexible substrate including

a switching area including a plurality of
switching pixels arranged within a plurality
of blocks, each switching pixel communica-
tively coupled to the block control module
via the block control circuitry and to the gate
control module via the gate control circuitry;
and
a sensing area including an array of sensing
pixels, the array of sensing pixels config-
ured to generate image data responsive to
X-rays incident thereon and provide the im-
age data to the plurality of data modules via
the data circuitry, wherein each switching
pixel of the plurality of switching pixels con-
trols a read state of a portion of the array of
sensing pixels.

2. The apparatus of claim 1, wherein the block control
module is configured to provide a first block control
signal to a first block including a first plurality of
switching pixels to power on the first block and a
second block control signal to blocks other than the
first block to power off the blocks other than the first
block.

3. The apparatus of claim 2, wherein, the gate control
module is configured to provide a first gate control
signal to a second plurality of switching pixels, and
a second gate control signal to all switching pixels
outside of the second plurality of switching pixels,
wherein each switching pixel in the second plurality
of switching pixels is in a different block of the switch-
ing area and the first gate control signal causes a
first switching pixel in the second plurality of switch-

ing pixels in the first block to activate, causing a first
portion of sensing pixels of the sensing area to tran-
sition from a non-read state to a read state.

4. The apparatus of claim 3, wherein image data gen-
erated by the first portion of sensing pixels associ-
ated with the first switching pixel is provided to the
at least one data module via the data circuitry re-
sponsive to transitioning to the read state.

5. The apparatus of claim 2, wherein the first block con-
trol signal and the first gate control signal include a
first predetermined voltage, and the second block
control signal and the second gate control signal in-
clude a second predetermined voltage.

6. The apparatus of claim 1, wherein the flexible sub-
strate includes a coating enclosing the data module,
the gate module, and the block control module.

7. The apparatus of claim 1, wherein

each sensing pixel of the array of sensing pixels
includes at least one photodiode, and at least
one sensing thin-film transistor (TFT);
each switching pixel of the plurality of switching
pixels includes at least one gate TFT and at least
one gate capacitor;
the block controller includes a first gate integrat-
ed circuit (GIC);
the gate controller includes a second gate inte-
grated circuit (GIC); and
the at least one data module includes at least
one read-out integrated circuit (ROIC).

8. The apparatus of claim 7, wherein each sensing pixel
of the array of sensing pixels further includes at least
one sensing pixel capacitor, and the apparatus fur-
ther comprises:
a film laminated to the flexible substrate forming a
scintillator.

9. The apparatus of claim 8, wherein the film includes
a gadolinium oxysulfide film or a cesium iodide film.

10. The apparatus of claim 1, wherein the block control
module and the gate control module each include
32, 64, 128, 256, 512 or 1024 ports connecting the
block control module and the gate control module to
the plurality of blocks or the plurality of switching pix-
els, respectively.

11. The apparatus of claim 1, wherein the sensing pixels
of the sensing area have a first dimension between
25 mm - 250 mm associated with width and a second
dimension between 100 mm - 600 mm associated
with length.
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12. A method comprising:

configuring a flexible x-ray digital detector array
(DDA) with respect to an object to be inspected,
the flexible DDA including a bus, a control sys-
tem including a block control module including
block control circuitry, a gate control module in-
cluding gate control circuitry, and at least one
data modules including data circuitry, wherein
the block control module and the gate control
module are configured to execute a multiplexing
operation, and a flexible substrate coupled to
the control system at one edge of the flexible
substrate via a plurality of connectors, the flex-
ible substrate including a switching area includ-
ing a plurality of switching pixels arranged within
a plurality of blocks, each switching pixel com-
municatively coupled to the block control mod-
ule via the block control circuitry and to the gate
control module via the gate control circuitry, and
a sensing area including an array of sensing pix-
els, the array of sensing pixels configured to
generate image data responsive to X-rays inci-
dent thereon and provide the image data to the
plurality of data modules via the data circuitry,
wherein each switching pixel of the plurality of
switching pixels controls a read state of a portion
of sensing pixels;
scanning the object using an X-ray emitting de-
vice;
acquiring, by a computing system including at
least one processor communicatively coupled
to the flexible DDA, image data characterizing
the scanned object.

13. The method of claim 12, wherein the acquiring fur-
ther comprises:

providing a first block control signal to a first
block including a first plurality of switching pixels
to power on the first block, and providing a sec-
ond block control signal to the blocks other than
the first block via the block circuitry;
providing a first gate control signal to a second
plurality of switching pixels and providing a sec-
ond gate control signal to all switching pixels out-
side of the second plurality of switching pixels,
wherein each switching pixel in the second plu-
rality is in a different block and the first gate con-
trol signal causes a first switching pixel in the
second plurality of switching pixels and in the
first block to activate, causing a first portion of
sensing pixels of the sensing area to transition
from a non-read state to a read state;
receiving, by the at least one processor, image
data characterizing the scanned object from the
first portion of sensing pixels from the at least
one data module via a communication module

coupled to the bus;
providing a second block control signal to the
first block via the block circuitry causing the first
switching pixel to deactivate causing the first
portion of sensing pixels of the sensing area to
transition from the read state to the non-read
state.

14. The method of claim 13, wherein the acquiring fur-
ther comprises:

providing the second gate control signal to the
second plurality of switching pixels;
providing the first block control signal to the first
block and providing the second block control sig-
nal to the blocks other than the first block via the
block circuitry;
providing the first gate control signal to a third
plurality of switching pixels and providing the
second gate control signal to all switching pixels
outside of the third plurality of switching pixels,
wherein each switching pixel in the third plurality
is in a different block and the first gate control
signal causes a second switching pixel in the
third plurality of switching pixels and in the first
block to activate, causing a second portion of
sensing pixels of the sensing area to transition
from a non-read state to a read state;
receiving, by the at least one processor, image
data characterizing the scanned object from the
second portion of sensing pixels from the at least
one data module via a communication module
coupled to the bus;
providing the second block control signal to the
first block via the block circuitry causing the sec-
ond switching pixel to deactivate causing the
second portion of sensing pixels of the sensing
area to transition from the read state to the non-
read state;
repeating the steps of acquiring for all of the
switching pixels in the first block; and
repeating the steps of acquiring for all of the
blocks in the plurality of blocks.

15. The method of claim 13, wherein the acquiring fur-
ther comprises:

providing the second gate control signal to the
second plurality of switching pixels;
providing the first block control signal to a sec-
ond block including a fourth plurality of switching
pixels, and providing the second block control
signal to the blocks other than the second block
via the block circuitry;
providing the first gate control signal to the third
plurality of switching pixels and providing the
second gate control signal to all switching pixels
outside of the third plurality of switching pixels,
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wherein each switching pixel in the third plurality
is in a different block and the first gate control
signal causes the second switching pixel in the
third plurality of switching pixels and in the sec-
ond block to activate, causing a second portion
of sensing pixels of the sensing area to transition
from a non-read state to a read state;
receiving, by the at least one processor, image
data characterizing the scanned object from the
second portion of sensing pixels from the at least
one data module via a communication module
coupled to the bus;
providing the second block control signal to the
second block via the block circuitry causing the
second switching pixel to deactivate causing the
second portion of sensing pixels of the sensing
area to transition from the read state to the non-
read state; and
repeating the steps of acquiring starting by pro-
viding the first block control signal to the first
block and the first gate control signal to a fifth
plurality of switching pixels or by providing the
first block control signal to a third block and the
first gate control signal to the fifth plurality of
switching pixels.

16. The method of claim 12, wherein the first block con-
trol signal and the first gate control signal include a
first predetermined voltage, and the second block
control signal and the second gate control signal in-
clude a second predetermined voltage.

17. A system comprising:

a bus;
a control system including a block control mod-
ule including block control circuitry, a gate con-
trol module including gate control circuitry, and
at least one data module including data circuitry;
a flexible substrate coupled to the control system
at one edge of the flexible substrate via a plu-
rality of connectors, the flexible substrate includ-
ing

a switching area including a plurality of
switching pixels arranged within respective
blocks, each switching pixel communica-
tively coupled to the block control module
via the block control circuitry and to the gate
control module via the gate control circuitry,
wherein the block control module and the
gate control module are configured to exe-
cute a multiplexing operation; and
a sensing area including an array of sensing
pixels, the array of sensing pixels config-
ured to generate image data responsive to
X-rays incident thereon and provide the im-
age data to the plurality of data modules via

the data circuitry, wherein each switching
pixel of the plurality of switching pixels con-
trols a read state of a portion of sensing pix-
els;

a plurality of connectors provided on the edge
of the flexible substrate configured to communi-
catively connect the block control module, gate
control module, and at least one data module to
the bus;
a communication module coupled to the bus and
configured carry out communication protocols
within the system;
a battery module coupled to the bus and config-
ured to provide power to the system; and
a computing system, including at least one data
processor configured acquire image data char-
acterizing the scanned object

18. The system of claim 17, wherein the flexible sub-
strate is configured to be detachably coupled to the
bus at the plurality of connectors for replacement.

19. The system of claim 17, wherein the communication
module is any one of a 5G or 6G communication
module, a Wi-Fi module, and a wired Ethernet mod-
ule.

20. The system of claim 17, further comprising:
a global positioning system (GPS) module config-
ured to provide positioning data corresponding to a
location of the system to an external system.
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